OBJECTIVE: To determine associations between overall adiposity, absolute and relative abdominal adiposity, and lipid concentrations in healthy older women. DESIGN: Cross-sectional analysis of baseline data. SUBJECTS: Subjects were 21 healthy, untrained older women (71 AE 1 y) entering a randomized, controlled aerobic training program. MEASUREMENTS: Overall adiposity was assessed by anthropometry and the body mass index (BMI kgam 2 ). Absolute and relative abdominal adiposity was determined by computed tomography (CT) and circumference measures. Fasting serum lipid concentrations of total-, high density lipoprotein (HDL)-, and low density lipoprotein (LDL)-cholesterol (C) and triglycerides (TGs) were determined by standard enzymatic procedures. RESULTS: Compared to the measures of overall adiposity, we observed much stronger correlations between measures more speci®c to absolute or relative abdominal adiposity and lipid concentrations. Visceral fat area was the strongest correlate of HDL-C (r 7 0.75; P`0.001) and the total-aHDL-C ratio (r 0.86; P`0.001). The abdomento-hip circumference ratio (AHR) was strongly correlated with TGs (r 0.54; P`0.01), HDL-C (r 7 0.69; P`0.001), and the total-aHDL-C ratio (r 0.75; P`0.001). CONCLUSION: Excess abdominal adiposity remains an important correlate of lipid metabolism, even in healthy older women of normal weight. Thus, overall obesity is not a necessary condition for the correlation between excess abdominal fat and metabolic risk among postmenopausal women.
Introduction
Obesity has a major impact on morbidity and mortality in the general population. 1 Moreover, obesity and overweight exacerbate many chronic conditions (hypertension, dyslipidaemia, osteoarthritis and other musculoskeletal problems) 2 and thus may serve as a more basic risk factor in chronic disease aetiology.
Overall body weight or body fat alone may not be as important a factor in chronic disease risk as the distribution of body fat, however. Indeed, the chronic disease risk attributed to obesity, may vary by regional distribution of excess body fat. 3 Recent studies have demonstrated a greater risk of chronic disease morbidity and mortality with increasing level of abdominal, relative to gluteal or femoral adiposity, 3 ± 5 which is often independent of the level of overall obesity. There is evidence that deep abdominal (or visceral) fat, often comprising more hypertrophied fat cells, is more metabolically active that other adipose tissue. 6, 7 Furthermore, the visceral fat depot is drained directly by the portal vein, resulting in an increased free fatty acid (FFA)¯ux to the liver and consequent overproduction of very low-density lipoproteins (LDLs) 3, 7 Therefore, visceral adiposity may serve as the speci®c correlate to metabolic complications, such as hypertension, dyslipidaemia and impairments in glucose tolerance. 8 ± 11 Older age is associated with increased fat deposition around the trunk and abdomen, 12 and the further redistribution of fat from subcutaneous abdominal to visceral depots. This is especially true in women following a drop in sex hormone levels with menopause, 13 and this preferential deposition of fat may occur even in the absence of marked overweight or obesity. While the impact of obesity and fat distribution on metabolic and cardiovascular risk factor levels has been studied extensively among middle-aged populations, less is known about associations among these factors in older adults, 14 ± 16 especially older women. For instance, it is not clear whether fat distribution is a more important correlate of lipid metabolism among older women than overall adiposity per se, particularly in the absence of chronic disease.
The purpose of this analysis was to determine the simple cross-sectional association between selected measures of overall and abdominal adiposity and serum lipid concentrations, in a sample of healthy, untrained older women. We hypothesized that anthropometric measures of abdominal adiposity, especially those more speci®c to the visceral depot, would show stronger correlations with various lipid concentrations, than measures of overall adiposity. Accordingly, we analyzed baseline data from 21 older women entering a randomized, controlled aerobic training program. These data are part of an overall project designed to determine the effect of six months of moderate-intensity aerobic training on¯uid balance, blood pressure regulation and body fat distribution in healthy older men and women.
Methods

Subjects
Subjects were recruited by mail or by advertisement in the local newspaper from a private older adult residential community in Connecticut. Most of the 4500 residents of this community are aged ! 58 y, of higher socioeconomic status or educational attainment and lead active, independent lives. Therefore, this community represents a more af¯uent and healthy segment of Connecticut's general older adult population. All volunteers were screened by their personal physician for cardiovascular disease (CVD), neuroendocrine disorders and other uncontrolled chronic diseases, prior to acceptance into the program, and gave written informed consent prior to participation.
We limited the present analysis to women who were free of cholesterol-lowering medication and estrogen replacement therapy, and from whom we had complete data on all study variables. Therefore, our study sample comprised 21 healthy, older women. Subjects were moderately active, although untrained (VO 2peak 25AE 1.5 mlakgamin, with a mean age of 71 AE 1 y.
Adiposity
Anthropometric data were gathered at baseline by a trained exercise technician using standard procedures. Overall adiposity was estimated from skinfold thicknesses taken at six sites: triceps, subscapula, chest, abdomen, supraileum and anterior thigh. According to methods prescribed by Pollock et al 17 for older women, the sum of the skinfolds at the triceps, supraileum and thigh were used in estimating the percentage of body fat. Height and weight were also measured, and the body mass index (BMI kgam 2 ) provided an additional estimate of overall adiposity.
Fat distribution was assessed by circumferences and computed tomography (CT). The abdominal and hip circumferences were taken at the level of the umbilicus and the widest part of the gluteal area, respectively. The abdominal circumference (in cm) and the abdomen-to-hip circumference ratio (AHR) were used as indicators of abdominal adiposity. Because there is evidence that deep abdominal (visceral) fat deposition is the important correlate of the metabolic complications associated with excess abdominal fat, both total abdominal and visceral fat area were determined by a single CT scan (General Electric Highlight Advantage) taken at the level of the 4th ± 5th lumbar body. A 1 cm axial section at this level, has been shown to be highly correlated with total visceral fat volume. 18 All scans were read blind by a radiologist using attenuation scores ranging from 7 190 to 7 30 hounds®eld units (HU). 18 Results are reported in cm 2 of surface area.
Lipid measures
Blood was collected from an antecubital vein after a 12 h fast and transferred to tubes containing no additives. Samples were centrifuged (3000 rpm) for 15 min at 4 C, after which the serum was drawn off. The samples were then stored at 7 20 C and analyzed within three weeks of collection. Serum cholesterol (C) and triglycerides (TGs) were determined in our laboratory by standard enzymatic procedures (Sigma, St Louis, MO). Measures of interest were total-, high density lipoprotein (HDL)-, and LDL-C (LDL total C-(TGsa5 HDL-C)), and TG concentrations. The ratio of total C to HDL-C provided an additional index of metabolic and CVD risk.
Analysis
Univariate statistics (mean AE s.e.m.) were ®rst generated on subjects for descriptive purposes. Spearman rank order correlation coef®cients, tested the degree of simple association among the adiposity and lipid variables. Several of the adiposity variables were next dichotomized according to a priori risk cut points (for example, BMI`27.3 kgam 2 vs BMI ! 27.3 kgam 2 ; visceral fat area`100 cm 2 vs ! 100 cm 2 ; AHR 0.90 vs ! 0.90). 19 T-tests for independent samples tested mean differences in lipid concentrations between speci®ed risk groups. Statistical signi®cance was determined at an alpha level`0.01.
Results
On average, subjects were of normal weight (BMI 24.4 AE 1.3 kgam 2 ) and not obese overall (body fat 26.9AE 1.5%), although three women had a BMI ! 27.3. These otherwise healthy women did, however, have abdominal fat volumes comparable to Adiposity 20 Indeed, the visceral fat area (93 AE 13 cm 2 ), the abdominal circumference (91 AE 3 cm) and the AHR (0.92AE 0.02), approached the thresholds associated with increased metabolic risk in such middle-aged people. 19 Serum concentrations (mgadL) of total-C (219AE 8), HDL-C (53 AE 4), LDL-C (143 AE 9) and TGs (114 AE 11), appeared to fall into ranges considered normal for a healthy older population, however. 21 The abdominal circumference (r 0.80; P 0.001) and the AHR (r 0.83; P 0.0001) were both strongly correlated with visceral fat area, suggesting that these simple circumference measures are good somatic indicators of visceral fat accumulation in our sample of older women.
Compared to the measures of overall adiposity, we observed generally stronger simple correlations between measures more speci®c to absolute or relative abdominal adiposity and lipid concentrations (Table  1) . Visceral fat area was the strongest correlate of HDL-C and LDL-C and the total-C HDL-C ratio, whereas the AHR was strongly correlated with TGs, HDL-C, LDL-C and the total-C HDL-C ratio. There were no statistically signi®cant correlations between any of the adiposity measures and total C concentrations in this particular sample. When the visceral fat data were split by risk cutpoints (that is,`100 cm 2 vs ! 100 cm 2 ), there were striking differences between the two risk groups, with regard to most of the lipid variables ( Figure 1 ). Women with a visceral fat area ! 100 cm 2 had signi®cantly higher total-C and LDL-C concentrations and lower HDL-C concentrations, than women with a visceral fat area`100 cm 2 .
Discussion
We found that, even in the absence of overall obesity in this healthy older sample, the amount of both absolute and relative abdominal adiposity reached thresholds associated with metabolic consequences in younger obese people. Measures of overall adiposity were not as strongly correlated with the lipid variables as were the adiposity measures more speci®c to both absolute and relative abdominal adiposity. Indeed, the visceral fat area and the AHR showed the strongest correlations with the lipid measures. Furthermore, women with a visceral fat area ! 100 cm 2 had signi®cantly higher total-C and LDL-C and lower HDL-C, than women with a visceral fat area`100 cm 2 . These ®ndings suggest that excess abdominal adiposity is still an important correlate of altered lipid concentrations in healthy, older people of normal weight.
Contrary to our ®ndings, are those of Landin et al, 22 who assessed the association between relative abdominal fat (using the same AHR measure) and lipid metabolism, in both lean and obese postmenopausal women (age 55 y). While there were signi®cant associations between the AHR and altered lipid metabolism in the obese women, there were no observed correlations between fat distribution and lipid concentrations in the lean women. These results suggest that the the level of overall adiposity is, by itself, more important to the metabolic pro®le than relative abdominal adiposity immediately following menopause. Their ®ndings are corroborated by those from a large representative sample of healthy older Finns, 23 in which overall, rather than abdominal, adiposity was the stronger correlate of TG and HDL-C concentrations among the women. Therefore, it is not clear whether the consequences of excess abdominal fat are independent of overall obesity, or whether relative abdominal adiposity enhances the effects of concommitant obesity on metabolism. 14 Our results support other ®ndings in older populations, 15, 16 that abdominal fat distribution is associated with less favorable lipid concentrations, independent of overall obesity; however, the small sample size of our study precluded our ability to use the appropriate multivariable statistical techniques to test the hypothesis of independence. Nonetheless, obesity may not be a necessary condition for the correlation between excess abdominal fat and cardiovascular risk in healthy, postmenopausal women. Visceral fat mass was measured by computed tomography (CT) at the level of the umbilicus (L4-L5). Statistical signi®cance is based on the t-test for independent samples. *P`0.01; **P`0.05.
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Contrary to other cross-sectional studies of abdominal adiposity and metabolic indicators, we used a highly-precise measure (that is, CT) to determine total-and visceral-abdominal adiposity, as well as the more simple circumference measures. Thus, we were able to observe these strong, and physiologically plausible, associations between abdominal fat and lipid concentrations, in part, due to better measurement of the visceral depot. It also seems plausible that correlations between measures of abdominal adiposity and lipids would appear stronger in this older sample than measures of overall adiposity, since the ratio of visceral to subcutaneous abdominal fat increases with age, 12 and therefore the circumference measure becomes more speci®c to the visceral depot. Moreover, anthropometric measures of subcutaneous fat, such as skinfolds, lack speci®city to the visceral depot and also lose precision in estimating overall body fat among older people. This may partially explain the weaker or inconsistent correlations that we observed between estimated percent body fat and the lipid variables. If we were to consider the total abdominal fat area, measured by CT, as a more appropriate measure of total adiposity in older people, the visceral fat area still demonstrated stronger simple correlations with the lipid variables of interest (Table 1) .
Conclusion
We found strong correlations in our older sample between the abdominal circumference and AHR measures and visceral fat mass measured by CT, which are nearly identical to those found by Despre Âs et al, 24 using the minimal waist circumference in a small sample of younger men. Similarly, the waist-to-hip ratio (WHR) and the AHR have demonstrated fairly strong correlations with visceral fat volume among middle-aged populations. 10, 23 Together, these strong statistical associations emphasize the value of the simple circumference (or circumference ratio) measure in assessing regional and, indirectly, visceral adiposity in younger and older people. This is particularly important for large population-based ®eld studies, where the use of sophisticated techniques, such as CT, are generally not feasible.
Limitations to the present analysis should be noted. First, selective survival is an important concern in any older sample. That is, individuals most susceptible to the risk associated with abdominal adiposity may die at earlier ages, thereby attenuating the in¯uence of this factor on surviving populations. While the correlation between abdominal adiposity was quite strong, the in¯uence of selective survival (that is, heredity) may partially explain the normal range of lipid values. In addition, while the highly selected nature of the study population is valuable with regard to the internal validity of the data, the generalizability of the ®ndings are somewhat compromised.
Nonetheless, our data suggest that excess abdominal adiposity remains an important correlate of lipid metabolism in healthy older women of normal weight, and that overall obesity is not a necessary condition for this association. The relationship between excess abdominal adiposity and altered lipid concentrations may be somewhat attenuated in such a healthy group of older women; however, it assumes much greater public health importance among the less robust general older adult population.
